Agglutinins against Salmonella pullorum and Salm. typhi (strain 0 901) were induced in hens by intravenous inoculation with killed suspensions and were transferred to the yolks of their eggs. This transference of antibody continued throughout a laying season of about 280 days, and the relationship between the agglutinin titres of sera and yolks was not close. The titres of yolks seldom rose above 160 even when those in the serum were 2560 and 5120, whereas the agglutinin levels of developing ovules from hens naturally infected with Salm. pullorum were about the same in the related sera.
The observations herewith reported are concerned with the conditions under which agglutinating and non-agglutinating antibodies against Salm. pullorum, Salm.. gallinarum and Sa.lm. typhi (strain 0 901) are transferred from the hen to the egg and their passage from the egg to the developing embryo.
MATERIALS AND METHODS
Pure Rhode Island Red pullets and Barred Rock pullets kept on grass were used for the vaccination experiments.
The suspensions of Salm. pullorum and Salm. typhi (strain 0 901) were prepared by adding 150 ml. ethanol to 50 ml. saline washings of a 48 hr. growth; this was shaken twice daily for 2 days and stored a t room temperature and a small quantity of the deposit was resuspended in saline as required. Intravenous inoculations were made into the brachial vein, intramuscular inoculations into the thigh muscles and subcutaneous inoculations under the skin of the breast muscles; the quantities were 0.2 ml. of a suspension containing approximately 2 x lo9 bacteria/ml. The egg yolk for agglutination tests was withdrawn with a syringe after the egg shell and membranes were removed from over the air-space and the albumen discarded; 1 ml. was added to 4-0 ml. of 8.0 Yo (WIT') saline and the mixture was shaken and stood for 24 hr. Serial twofold dilutions of the transparent flui? below the fat were made in 8.0 yo (w/v) saline and to 0.3 ml. of each dilution was added 0.3 ml. bacterial suspension. This gave a final concentration of approximately 4.4 yo (w/v) saline which kept the yolk proteins in suspension.
Livetin was prepared by mixing 10 ml. of egg yolk with 30 ml. ether; this was shaken and after a few minutes the ether was withdrawn. This extraction was repeated 5 times, finally the ether was removed by centrifuging. To the egg yolk was added 36 ml. 0.S5y0 (wlv) saline and the mixture stored a t 5" overnight. After centrifugation a t 4000 r.p.ni. for 30 min. an equal volume of saturated ammonium sulphate was added to the supernatant. The livetin precipitated overnight a t 5" and was concentrated by centrifugation a t 4000 r.p.m. for 20 min. This precipitate was resuspended in saline to give a volume of 20 ml., and after further precipitation by half saturation with ammonium sulphate it was suspended in 0.S5y0 saline. Any residual ammonium sulphate was removed by dialysis and the final volume of livetin made up to 24 ml.
Anti-livetin serum was prepared in rabbits by giving a series of intravenous inoculations of livetin; precipitin titres of 1/10,000 were obtained and the sera were stored at 5" without preservative.
Non-agglutinating antibodies were detected as follows : after serum samples had been tested for agglutinins, the tubes in which agglutination had not occurred were centrifuged for 15 min. at 4000 r.p.m. ; the supernatant fluid was discarded and the antigen washed twice in saline. This was resuspended to its original volume in saline and an equal yolume of anti-livetin rabbit serum diluted 1/40 was added. The tubes were incubated overnight a t 52". A similar technique was used for the detection of non-agglutinating antibodies in yolk, IP: 54.70.40.11 On: Sun, 30 Dec 2018 23:21:58 270 A . Buxton kxcept that yolk-sensitized suspensions of antigen were washed with 8 yo ( W / V ) saline.
Blood samples were collected from developing embryos by a method similar to that described by Beveridge & Burnet (1946) for intravenous inoculation. At least 0.2 ml. of blood was withdrawn from each egg and cellulose tape was applied over the area; the egg was then replaced in the incubator. Considerable haemorrhage sometimes occurred after the removal of the needle and the embryos died. In many other cases development continued until the 21st day but the embryos adhered to the shell membrane and failed to hatch. Blood samples were taken in this way from the 11th to the 17th days of incubatiori but after the 18th day the blood vessels were riot easily seen by candling because of the size of the embryo, Moreover, the partial collapse of the blood vessels in the chorio-allantoic membrane made it difficult to withdraw sufficient blood.
Yolk samples were taken with a Pasteur pipette through an area of t h e chorio-allantoic membrane devoid of large blood vessels. Cellulose tape was applied over the areas of shell that had been removed and the eggs were returned to the incubator and kept with the perforated areas uppermost. There was a danger of a fatal leakage of allantoic fluid if the eggs were turned. There was a high mortality among embryos which had had yolk samples taken and only in a small number was it possible to take additional samples of sera and yolks at later stages. During the latter part of the work fertile eggs were incubated and removed from the incubator in groups a t different stages of development; samples of blood and yolk were taken and the embryos sacrificed.
Blood samples of 0-25-0-5 ml. were taken by cardiac puncture from chicks during the first 1 4 days after hatching, using an all-glass syringe with a 27 gauge 8 in. needle. Chicks of 14 days of age or older were bled from the brachial vein.
A drop technique was employed with small quantities of serum arid the dilutions were made directly into the agglutination tubes; the first dilution was 1/10 and incubation was a t 52" in a water-bath.
RESULTS

THE PASSAGE OF AGGLUTININS FROM THE HEN TO THE EGG
Agglutinins iri the Sera and developing ovules of hens naturally infected with Salm. pullorurn This experiment was designed to confirm that yolk material from birds naturally infected with Salm. pullorurn contain agglutinins (Frank & Edgington, 1937; Stoilowa, 1938) , and to compare the titres in the developing ovules and sera.
Samples of serum were taken from four laying hens which were positive to the pullorum test and were from a flock in which pullorurn disease existed. They were slaughtered and four or five of the largest ovules removed. The sera and yolk material from the ovules were tested for agglutinins and cultures for Salm. pullorunz, using sodium selenite medium and deoxycholate citrate agar, were made from ovarian tissue and yolk material. The results are given Transfer of antibodies from hen to chick 271 in Table 1 , which shows that the agglutinin titres of the individual ovules, including one known to be infected, were nearly the same as the related sera. The infected ovule showed the typical degeneration associated with chronic ovarian infection with Salm. pulloruni. Agglutinins i.n the sera attd yv1X.s of eggs of birds ittoedated irztxmenously with killed Salm. pullorum This next experiment was to observe whether results similar to the previous experiment woiild be obtained from hens inoculated with killed Salm. pullo~um, and whether the transfer of antibodies from the hen to the egg continued throughout the whole laying season.
Six young Rhode Island Red hens (nos. 1498, 1499, 1500, 1501, 1502 and 1503) were vaccinated and four were kept as controls. Further doses of vaccine were given at intervals; the hens were bled periodically and their sera and egg yolks testcd for agglutinins. The wide variation in the titres of egg yolks is shown in Figs. 1 and 2. With the exception of hen no. 1499 (Fig. 2) the initial serum titres were much higher than the corresponding yolk titres; this was marked in hen no. 1503 where the initial serum titre was just above 10,240. Hen no. 1500 (Fig. 1) laid eight eggs during the first 60 days of the experiment, agglutinins were not de*monstrable in any of the yolks, although the serum titres varied from about 1/80 to 11320 during this time. With few exceptions yolk titres were never above 1/160, and in most cases there was considerable variation between consecutive yolks, particularly during periods of vaccination. , 411 tests on the sera and yolks from control birds were negative.
Agglutinins in the sera and yolks of eggs of birds inoculated intravenously zelith killed Salm. typhi (strain 0 901) A similar experiment to the one just described was made using Salnz. typhi (strain 0 901) in place of Salm. pu1loru.m as a vaccine. Though there is a close antigenic relationship between these organisms, a suspension of Salm. typhi was found to be more sensitive to agglutinins against Salm. pullorum in hen sera than a suspension of the homologous bacterium. Suspensions of each organism were used in the tests made. typhoid suspension were higher than against the pullorum suspension and this was most apparent in hen no. 1546 (Fig. 3) . The serum titres showed a greater similarity to each other than the corresponding yolk titres, and those against the typhoid bacillus were higher. This was reversed in hen no. 1550 during the period of 80-160 days when the titre against Salm. pullorum was double that against Salm. typhi. Although there was no comparable reversion in egg yolk titres they did approximate more closely to each other in this bird during that period.
THE PASSAGE OF NON-AGGLUTINATING ANTIBODIES FROM THE HEN TO THE EGG
Nori-agglutinating antibodies in the sera and yolks of eggs of heris iiioculated intravenously with killed Salm. pullorum Four Barred Rock hens (nos. 1000, 1003, 1004 and 1006) were inoculated intravenously with killed Salm. pullorurn on the 1st and 8th days of the experiment. Samples of serum and egg yolk were tested for agglutinating and non-agglutinating antibodies, and the results from one bird (no. 1003) are given in Fig. 5 . Antibody tests on serum from hen no. 1004 are given in Table 2 for comparison with hen no. 1003. The serum titres of the four hens were rarely below 1/160; with the exception of hen no. 1003 which was 1/80 and 1/40 from the 79th to the 209th day.
Serum agglutinins were demonstrable by the 7th day and non-agglutinating antibodies in higher titres than agglutinins wer; observable on the 25th day, and were present in all samples up to the 209th day. No agglutinins occurred in the sera of hen no. 1003, when non-agglutinating antibody titres of 1/640, 1/320 and 1/40 were demonstrated on the 32nd, 51st and 209th days, respectively.
The earliest time a t which antibodies were detected in egg yolk varied; nonagglutinating antibodies alone were detected in yolks laid by hen no. 1006 on the 6th and 8th days after the first inoculation. It was 15 and 16 days IP: 54.70.40.11
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Transfer of antibodies from hen to chick 275 respectively, before egg yolks from birds 1000 and 1003 contained antibody titres approximating to those in their sera. The average titre of non-agglutinating antibody in egg yolks remained fairly constant, and showed a close relation to similar titres in serum.
,Ilgglutinin titres in egg yolks varied and were lower than corresponding serum titres ; in contrast to serum samples, non-agglutinating antibodies in yolks were demonstrable before agglutinins. The non-agglutinating antibodies from the two eggs laid by hen no. 1003 on the 35th and 36th days showed a zone effect; this phenomenon occurred only with these eggs and with a sample of' serum from the same hen, taken on the 7th day.
Non-agglutinating antibodies in the sera arhd yolks of eggs from hens inoculated subcutaneously with killed Salm. pullorum Four Barred Rock hens (nos. 1002, 1007, 1014 and 1020) were inoculated subcutaneously with killed Salrn. pullorurn on the 1st and 8th days of the experiment. The sera and egg yolks from these birds were tested for agglutinating and non-agglutinating antibodies, and the results from one bird (no. 1014) are shown in Fig. 6 .
The antibody content of the sera varied particularly during the latter half of the experiment. Two hens (nos. 1002 and 1007) maintained fairly constant serum titres throughout the whole period and were in contrast to hen no. 1014 and particularly hen no. 1020. The first samples taken from all the birds on the 7th and 8th days contained agglutinins only and were similar to those from the birds which had been inoculated intravenously. The non-agglutinating antibodies were demonstrable a t variable times. In hens nos. 1007 and 1014 agglutinins predominated for the first 30 days, whereas from the 50th to the 80th days onwards the non-agglutinating antibodies were in excess, Nonagglutinating antibodies appeared earlier in samples from hens nos. 1002 and 1020. They were present in all samples from the 25th day except that from A . Buxton no. 1020 on the 113th day; this bird showed the greatest variation in the amount and type of antibody in its serum.
The eggs from these birds were tested for antibody content, and a small amount only was transferred from the hen to the egg yolk. A yolk titre of 1/20 was the highest recorded, although the serum titres at the time most of these eggs were laid varied from 1/80 to 111280. The type of antibody in the egg yolks was not constant and bore no relationship to the type of antibody in the related sera, Non-agglutinating antibodies in the sera and yolks of eggs f r o m hens inoculated intramuscularly with killed Salm. pullorum Four Barred Rock hens (nos. 1022, 1027, 1038 and 1039) were inoculated intramuscularly with a suspension of killed Salm. pullorum on the 1st and 8th days of the experiment. The results of antibody tests on the sera and yolks of eggs from hen no. 1027 are shown in Fig. 7 . Hen no. 1039 laid only a few eggs during the first days of the experiment and it was not possible to compare its serum and yolk antibodies; the results of the antibody tests on the serum from this bird are included in Table 2 for comparison with hen no. 1027 (Fig. 7 ) .
The agglutinating and non-agglutinating antibodies in the sera of all these birds were similar to those in hens inoculated subcutaneously. Serum titres were maintained a t a level of at least 1 /40 during the first 113 days of the experiment. On the 7th day agglutinins only were present in all four sera, and this is comparable to the results obtained from the subcutaneously and intravenously inoculated groups.
The tests on egg yolks showed that only a little antibody was transferred from the hen to the yolk, and this was of the non-agglutinating kind; these results are similar to those obtained from subcutaneously inoculated hens.
Non-agglutinating antibodies in the sera and yolks f r o m eggs of hens infected orally with living Salm . gallinarum
The purpose of this experiment was to observe the development of agglutinating and non-agglutinating antibodies in the sera of hens infected with live organisms, and to compare the results with those obtained from hens after Transfer of antibodies from hen to chick 277 inoculation with dead organisms by the intravenous, subcutaneous and intramuscular routes.
Four Brown Leghorn hens (nos. 1280, 1285, 1322 and 1324) aged 4 months were infected orally with 0.2 ml. of an 18 hr. broth culture of Salrn. gallinarum. Serum samples were taken a t intervals and tested for agglutinating and non- Seruni Serum
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1,280 5,120 0 320 agglutinating antibodies. Two liens (nos. 1322 and 1324) died after about 50 and 110 days respectively, from the infection with Salm. gallizlarum. The results of the antibody tests on the sera from these two birds are shown in Table 2 . Seven days after infection their sera showed very low nonagglutinating antibody titres but both types of antibody were demonstrable on the 20th day. This early development of non-agglutinating antibody in hens after infection contrasts with the results obtained from inoculation of dead bacteria by the intravenous, subcutaneous and intramuscular routes. In these cases, agglutinins were the first antibodies to be detected in the sera.
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Two of the infected hens (nos. 1280 and 1285) survived the infection with Salm. galbinarum and the antibody content of their sera was tested during the period of 474 days. During the latter half of the experiment both birds came into lay and the yolks of their eggs were also tested for antibodies. These results are summarized in Table 2 . Serum titres were maintained at a high level throughout the period and the non-agglutinating antibody titre reached its highest level in each bird on the 474th day after infection. The agglutinating and non-agglutinating antibody titres were as high in egg yolks as the serum titres in hen no. 1285, and in hen no. 1280 they were of ten more than double the serum titres.
THE TRANSFERENCE OF ANTIBODIES FROM THE EGG TO THE CHICK
T h e transference of antibodies from the yolk to the embryo Fertile eggs were incubated, and samples of yolk and embryo serum taken at intervals between the 11th and 17th days of incubation. All samples were tested for agglutinating and non-agglutinating antibodies.
The results are given in Table 3 and show a variation in the rate at which antibodies are transferred from the egg yolk to the serum of the embryo Transfer of antibodies from hen to chick 279 Agglutinins were never demonstrated in embryo sera from the 11th to the 14th days of incubation, and were often absent in eggs examined from the 15th to the 17th day. I n most samples the presence of non-agglutinating antibodies alone was the first indication of the transference of immunity from the egg to the embryo.
T h e transference of antibodies f r o m the yolk to the young chick
(1) First experiment. The eggs used were laid by three hens (nos. 1000, 1003 and 1006) which had been used in a previous experiment, and were collected 100-150 days after the hens had been inoculated intravenously with killed Salm. pullorurn. Samples of serum were taken from groups of the chicks on the lst, 8th or 13th day after hatching and were tested for agglutinating and non-agglutinating antibodies ; the results are shown in Table 4 . Non-agglutinating antibody alone was observed in the sera of all the twenty-three chicks. The absence of agglutinins in these sera may be partly accounted for by the low agglutinin titres of egg yolks indicated by the antibody levels in related eggs. I n the case of chicks from hen no. 1006, which were tested a t 13 days of age, agglutinins may have been present in the sera soon after hatching and may have disappeared by the 13th day. Yolk titres related to chicks tested on the 1st and 8th days after hatching were lower than yolk titres related to the 13-day-old chicks, which may have been responsible for the little variation in non-agglutinating antibody titres in the sera from different ages of chicks.
(2) Second experiment. A group of hens recently inoculated intravenously with killed SaZwL. pullorurn was used for the production of eggs; chicks were hatched from these eggs and blood samples were taken at intervals. In a few cases two samples were taken from individual chicks when they were between 1 and 17 days of age; in others, not more than one sample was taken from each chick. The results are given in Table 5 and show that in contrast to the first experiment agglutinating as well as non-agglutinating antibodies were present in the sera of the young chicks. The relationship between the titres of chick sera and of related egg yolks was not close. Chick nos. 2 and 3 had low serum titres, while egg yolk titres of the related hen (no. 918) were high. In the case of chick no. 4 the non-agglutinating antibody serum titre was 4 times as high as that in the related yolk. The sera from some chicks which were tested on two occasions showed a rapid fall in the level of antibodies from the 1st to the 3rd days after hatching, and this continued until the 14th to 17th days when the results were negative. The experiments on the transference of antibodies from the egg to the embryo and chick are summarized in Fig. 8 . This shows the rise of antibody level in embryo serum from the 11th day to the end of incubation. The maximum serum titre appeared on the 1st day after hatching and was slightly higher than the average yolk titre. Non-agglutinating antibody formed a large proportion of the total antibody in most of the serum samples, and in chicks from 8 to 17 days of age it was the only antibody which could be demonstrated. Transfer of antibodies from hen to chick 281 Route of absorption of antibodies by the developing ewhbryo and young chick I t has been shown that the developing embryo absorbs antibodies from the yolk sac during the latter half of the incubation period, and that the concentration in the embryo's serum reaches its maximum a t about hatching time. Thereafter, the lel-el of antibodies in the serum of the young chick, which is mostly non-agglutinating in nature, rapidly declines. This high proportion of Days to the developing embryo and young chick. non-agglutinating antibody which occurs when the total antibody level is being reduced may be associated with the protein metabolism of the chick, and with the route of absorption of yolk by the embryo and newly hatched chick.
The contents of the yolk sac are the main source of food supply for the developing embryo, and according to Lillie (1927) yolk is absorbed through the walls of the yolk sac into the vitelline circulation, and finally to the liver by way of the hepatic blood vessels. The yolk sac is connected to the duodenum by the so-called yolk stalk, and Calhoun (1933) and Kar (1947) have shown that this stalk is hollow, and may help in the absorption of yolk by the embryo, although the yolk material does not pass into the intestines of the chick. Masurier, Branion Ji Marcellus (1946) observed the rate of absorption of yolk material by the young chick, and reported that chicks of 5 weeks old contained unabsorbed yolk material. In some chicks the yolk sac was attached to the intestines by the stalk and in others the stalk had either disappeared or was in various stages of atrophy. In the opinion of these authors: ' I t would seem that chicks have the ability to absorb the yolk regardless of whether or not the yolk stalk remains attached to the yolk sac.'
Two small experiments designed to find out whether antibodies in egg yolk were absorbed by either ( a ) the vitelline circulation, or ( b ) by the intestines via, the yolk stalk or by both these routes, are described below.
( a ) Each of six embryos was inoculated into the yolk sac on the 8th day of incubation, with 0.4 ml. of adult hen serum having an agglutinating titre of 1/640 to Salrri. gallinarum. The eggs were then re-incubated and four of them hatched. Serum samples from these four chicks were taken 3 days after hatching and tested for agglutinins. One sample had a titre of 1/20 and the remaining three had titres of 1/10, The average size of an unincubated egg yolk is 17.1 ml. (Romanoff & Romanoff, 1949) , and the inoculation of 0.4 ml. of serum into the yolk sac would give a dilution of a t least 1/40 of the original serum. The dilution of this serum with an agglutinin titre of 1/640 would reduce the titre to about 1/15; this agrees closely with the results obtained. This experiment was made before the rate of the fall of antibodies in chick serum had been ascertained, and judging by Fig. 8 it is assumed that the agglutinin titres would have been higher on the first day after hatching.
(6) The alternative route of yolk absorption to the -\-itelline and hepatic blood vessels is via the intestine; accordingly, each of twelve newly hatched chicks was, on two occasions, given an oral dose of 0-4 ml. of hen serum containing antibodies against Salm. pullorurn. Blood samples were then taken and examined for agglutinins; the data in Table 6 shows the low antibody content of the chick sera. The blood volume of the day-old chick is about 2.5 ml. and the dilution of the administered serum can be calculated. The results show that only a small proportion of available antibody protein was absorbed by the chick's intestines in a form in which it could be detected by immunological tests. It is apparent from these two experiments that most of the antibody in the egg yolk of young chicks is absorbed by the vitelline and hepatic circulation. 
DISCUSSION
The passage of antibodies from the hen to its eggs is probably not a simple process of transference of unaltered antibody molecules. The antibody level of eggs laid by hens vaccinated with killed organisms is lower than in eggs from hens naturally infected with Salm. pullorurn, and in those vaccinated intravenously there is some alteration to the agglutinin either in its molecular structure or in its relationship t o some substance in egg yolk that inhibits agglutination. The physiology of the development of the hen's ovule is not well understood, and Conrad BL Scott (1938) have suggested three possible ways by which yolk might be formed. They suggested that in immunized hens, the antibodies either passed directly into the developing ovule, or that on reaching the follicular epithelial cells the globulin molecules were liydrolysed to polypeptides and perhaps peptides. I n this state they were then secreted into the ovule where they became reformed into globulin molecules. The amount of globulin in egg yolk is greater (per unit volume) than in serum, and whichever method of globulin accumulation occurred in egg yolk, a greater concentration of antibodies in yolk than in serum is t o be expected; this is similar t o the accumulation of antibody in bovine colostrum (Marrack, 1947; McDougall, 1949; Smith & Holm, 1948) .
The route of inoculation of killed bacteria into a laying hen clearly influenced the quantity of antibody subsequently demonstrable in the yolks of eggs. The intravenous route induced equivalent non-agglutinating antibody titres in yolks and related sera ; in contrast, subcutaneous and intramuscular inoculations induced little demonstrable antibody in egg yolks. Experimental infection of hens with living bacteria produced relatively high titres in the egg yolks, and it appears as if infection with Salm. gallinarzmz and intravenous inoculation with killed Salrn. pullorurn enables the bacteria t o come into direct contact with ovarian tissue, and the hen's ovary is a common site of infection with these bacteria. These results suggest that some of the antibody in egg yolk may have been produced by ovarian tissue, and that a small proportion only of the circulatory antibody produced in other organs was absorbed by the developing ovules.
No clear relationship between agglutinating and non-agglutinating antibodies has been observed, and their relative proportions in serum and in yolk bear no relationship to each other. There is no evidence t o suggest that non-agglutinating antibodies are derived from agglutinins passing through the follicular epithelium into the de\-eloping ovule. On the contrary, the identification of agglutinins in yolk at a time when non-agglutinating antibodies alone are demonstrable in related serum, suggests that some of these agglutinins are formed from constituents of protein molecules in the follicular epithelial cells or in the developing ovules.
Jukes 6; Kay (1932) found that proteins form 3-1 g. of a total of 9.4 g. organic matter of hen's egg, and according to Romanoff' & Romanoff (1949) 16.6 yo of egg yolk consists of protein. Eagle (1932) and Follensby & Hooker (1939) have shown that an agglutination reaction may be delayed or even inhibited when proteins other than those directly associated with antigenantibody reactions are present. It was to be expected that the high concentration of protein in egg yolks would result in relatively greater concentrations of demonstrable antibody in yolk than in the serum of immune birds, and that the proteins not associated with antigen-antibody reactions would inhibit agglutination but would not interfere with the sensitization of antigen with antibody. Under these conditions non-agglutinating antibody in egg yolks would combine with antigenic constituents similar to those which combine 19-2 with agglutinins, and this similarity would be demonstrated by a suitable 'blocking test '. In experiments not yet published, no such similarity between agglutinins and non-agglutinating antibodies has been found either in egg yolk or in serum; these confirm the findings of Morgan & Schutze (1946) who examined the properties of non-agglutinating antibodies against SaEm. typhi and Shigelln shigae in human sera.
Antibodies against Salm. pullorurn transferred to the egg, increase in concentration in the sera of embryos during incubation and rapidly decrease in the sera of young chicks after hatching. Agglutinins disappear more rapidly than non-agglutinating antibodies, and these alone persisted from the 8th to the 17th days after hatching. Moore, Shen & Alexander (1945) examined the plasma of developing chick embryos and showed that during embryonic development the plasma underwent a gradual differentiation from a simple to a more complex pattern, associated with the inclusion in the plasma of 1-arious constituents of egg yolk. Schechtman & Nace (1950) and Marshall & Deutsch (1950) confirmed these results and have shown that the egg yolk constituents in the serum disappear from about the 5th day after the chick has hatched. Brandt, Clegg & Andrews (1951) examined the protein constituents of serum of male and female chicks of 4-7 weeks of age and older by electrophoretic and salt-fractionating methods. The /3-globulin and albumin fractions remained unchanged during the period of observation, but the a-and y-globulin fractions increased with age. They also identified a fastmoving component which was present in the sera of laying hens but not in the sera of young pullets or male birds.
The transfer of antibodies from mother to young in mammals occurs either during intra-uterine life or by way of the colostrum and the intestines of the newborn. In the rabbit, however, it has been shown (Brambell, Hemmings & Henderson, 1951 ) that the route of absorption is by the uterine lumen and the yolk-sac splanchnopleur. This passage of antibodies through the vitelline circulation of the yolk-sac splanclinopleur is comparable to the route of transfer of antibodies from the egg yolk to the developing avian embryo.
The developing avian embryo is supplied with protein and the proteolytic enzymes in the yolk and the embryo render this protein readily available. There is practically no alteration in the quantity or type of antibody transferred from the yolk to the embryo, and in the young immune chick, the digestion of certain protein fractions corresponds with a reduction in circulating antibody. Agglutinins disappear during the first few days after hatching, and from about the 8th to the 17th days non-agglutinating antibodies only are demonstrable. These conditions suggest that non-agglutinating antibodies may be more resistant to breakdown by proteolytic enzymes than agglutinins. It has been shown (Buxton, 1951) that under suitable conditions the treatment of agglutinins with a proteolytic enzyme results in the alteration of the demonstrable antibody into the non-agglutinating type. I wish to express my appreciation to Dr R. F. Gordon Transfer of antibodies from hen to chick 285 helpful criticisms and for providing laboratory accommodation for part of the work. I am most grateful t o Mrs N. Sidery, Miss Sheila Day and Mr P. Brown for their technical assistance.
